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PROVOCATION  OF  AN  INFECTION  VIA  PROTECTIVE  VACCINATION 


X»  Prevention  of  a  provocation  of  a  virus  infection  by  oral 
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Vaccination  with  inactivated  microorganisms  has  received  renewed 
importance  recently  in  basic  research  and  in  immunology  practice.  Their 
wide  spectrum  of  effectiveness,  rapid  effect  and  easy  preparation  of 
this  method  is  to  be  recommended  particularly  in  catastrophes  (l).  In 
these  cases  (war,  earthquakes,  floods),  even  when  vaccination  is  carried 
out  fast,  many  people  could  already  have  been  in  contact  with  the  germ. 
It,  thus,  was  of  importance  to  test  if  with  an  oral  vaccine  the  danger 
of  provocation  exists  during  the  incubation  period,  as  was  demonstrated 
to  be  the  case  for  the  parenteral  method  of  vaccination  (2).  Therefore 
this  aspect  was  tested  in  a  model  infection  of  the  mouse  with  S. 
typhinurium  \3).  The  results  of  these  earlier  experiments  showed 
that  oral  vaccination  does  not  have  undesirable  effects  during  the  in¬ 
cubation  period,  bit,  rather  appears  to  be  protective.  In  the  polio¬ 
virus-mouse  model  after  inter-cerebral  injection  a  provocative  effect 
was  illicited  by  parenteral  vaccination  during  the  incubation  period 
(U).  In  1962  it  could  not  be  tested  whether  this  could  be  avoided  by 
oral  immunisation,  because  at  that  time  no  oral  vaccine  for  a  virus 
was  available.  In  the  meantime  success  was  obtained  in  protecting  mice 
against  oral,  virulent  infections  of  Col.  SK  virus  (?)  by  oral  vac¬ 
cination  with  an  inactivated  virus.  It  now  had  to  be  tested  if  this 
vaccination  method  could  be  used  without  damage  during  the  incubation 
time  for  cur  infection  model  system.  We  tested  this  in  two  virus- 
models  with  white  mice  -  oral  infection  with  Col.  SK  virus  and  cerebral 
infection  with  the  MEF  strain  of  poliomyelitis  virus. 

Methods  and  Materials 

Animals*  We  used  1?00  white  mice  of  the  NMRI  strain.  All  mice 
weighed  8-10  grazss  and  were  3-U  weeks  old. 

Infection:  Col.  SK  oral,  */ith  0.2  ml  10*3  dilution  of  infected 
mouse  brain  suspensions.  Our  experience  (6)  is  that  in  this  model  ?0- 
80*  die.  la  the  other  model  the  a ice  were  injected  X.C.  with  a  mouse- 
adapted  strain  of  type  XI  (Lansing)  KEF  strain  of  polio.  They  received 
0*03  ml  10**2  dilution  of  infected  mouse  brain*  Vaccine  was  made  as 
described  In  reference  (U)»  . \  - 
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Provo cation J 

Model  1.  Mice  Were  ■frrornini  n&rl  f^allv  .^v*  t»  c»  v->  ci  <-»s  P  “1  ‘!if  “5  .'l 

days  after  infection  with  virulent  Col.  SK  virus.  Specific  *  cls^nl 
self  made  vaccine  from  mouse  brains  that  had  been  infcctod  with  Col.  SK. 
Brain  was  homogenised  in  1:10  saline  and  me  supernatant  liquid  was 
inactivated  for  60  minutes  at  6o®0.  To  test  that  this  preparation  con¬ 
tained  no  viruses  young  mice  were  injected  1,0,  Model  2,  On  d  ny  0  01* 

5x  from  day  3-?  mice  were  vaccinated  orally  (after  IC  infection)"  with  * 
a  commercial .  (Salic  method)  prep  of  polio  vaccine  (from  Behringwerke, 
Marburg).  (We  thank  Prof.  Hennessen  for  this  vaccine). 

calculation  of  data:  The  effect  of  the  oral  vaccine  daring  tho 
incubation  period  was  demonstrated  as  in  previous  reports.  The  mortality 
of  the  mice  is  presented  graphically,  and  the  end  result  is  presented  in 
a  table.  Mortality  Is  defined  in  this  work  as:  We  immediately  killed 
all  animals  that  were  paralized,  because  we  know  they  would  die  within 
2U  hours*  The  day  of  mortality  was  therefore  the  cay  of  paralysis.  The 
life  spaa  is  shortened  but  we  can  neglect  this  because  all  conditions 
are  standardized. 


Results 

Specific,  oral  incubation-vaccination  after  Col  SK  infection. 

The  incubation  time  of  oral  Ccl.SK  is  very  short  in  the  mouse;  a- 
bout  2.0  days  when  using  virus  adapted  for  oral  infection.  Mice  that 
became  ill  die  on  day  2-3  After  infection.  The  most  inappropriate  time 
to  actively  immunize  parentarally  was  tho  late  incubation  period,  ac¬ 
cording  to  epidemiological-statistical  experience  (?)  and  from  animal 
trials  (8).  Therefore  animals  were  given  oral  vaccine  2  days  post 
inoculation  in  order  to  test  the  most  severe  conditions  (trial  yi )|)| 
and  1U0). 

In  the  first  run,  #UJU  (see  table  1)  on  day  2  post  inoculation,  at 
the  time  of  provocation  vaccination,  3k%>  of  the  nd.ee  were  dead;  the  high 
final  mortality,  Qh%9  can  only  be  partly  attributed  to  vaccination  during 
incubation.  3h  §'\Jb,5  at  the  "Incubation- time"  only  10 k  had  died#  The 
vaccination  could  still  protect  animals,  as  may  be  seen  in  the  low  final 
mortality  of  h2%f  as  compared  to  controls  (table  l,row  0).  In  trials 
1U6,  11:8,  1U9  iwsunization  was  done  on  day  1  post  inoculation.  Values 
are  compared  for  totel  mortality  in  rows  5-1  of  table  1.  It  shows  that 
vaccination  with  Col*  SK-vaccina  does  not  influence  unfavorably  the  course 
of  infection  as  measured  by  mortality* 

The  average  values  of  0  individual  experiments  (table  1)  show  alrost 
identical  values  for  controls  and  animals  vaccinated  during  the  incubation 
time*  Total  mortality  values  were  63*7  and  62.8)6  for  the  middle  death 
times  of  2.56-2.61  days*  The  course  of  mortality  was  not  provoked  by 
specific  oral  vaccination.  This  is  illustrated  in  figure  1. 

Unspecific,  oral  incubation-vaccination  after  Col.  SK  infection. 

3a  earlier  work  (0)  it  was  demonstrated  that  oral  administration  of 


2, 


inactivated  virus*  which  was  not  serologically  related  to  Col,  pro¬ 
tected  against  oral  infection,  >fe  used  for  these  unspecific  vaccinations 
a  commercial*  formaldehyde-inactivated  vaccine  according  to  Salk.  Since 
oral  vaccination  witn  neterologous  vaccine  protected*  it  was  theoretically 
possible  that  it  hanris  during  the  incubation  period,  h’e  xmouiu-i/ed  mice 
with  polio  vaccine  on  dry  1  after  oral  infection  with  Ool.  SK,  The  re¬ 
sults  of  these  experiments  are  presented  in  rows  6  and  9  of  table  1.  In 
1U6*  lij8,  lli9  the  unspecific  provocation  ran  about  the  same  as  the  specific. 
Xha  values  nf  tahlo  i  ehov*  •eortslitv  and  time  of  death  of  the  snimls 


vaccinated  during  incubation  does  not  deviate  significantly  from  the 
values  of  the  controls.  The  mean  values  of  controls  and  vaccinated 
animals  for  mortality  are  5i. 7  -63.nl  at  2.iiu  days.  As  iiiussrascd  grapn- 
ically  in  figure  2  the  data  shows  now  that  the  course  of  mortality  has 
no  differences.  Therefore*  the  unspecific*  oral  vaccination  docs  not 
provoke  either  during  the  incubation  period  in  this  model  system. 


Specific*  oral  incubation  vaccination  after  IC  infection  with 
poliortye  litis. 


Previously  (U)  we  showed  that  young  nice  infected  IC  with  Lansing 
type  i'uSP  and  then  inoculate  !  '  ^  vbqutanaously )  during  the  incubation 
period  with  commercial  Salk  •  ..vine*  died  earlier  and  had  a  higher 
mortality  rate  than  non-innuni>ed  controls.  On  this  model  we  also 
tested  whether  the  provocation  due  to  the  specific  subqutanaously  in¬ 
oculation  during  incubation  could  be  avoided  by  using  vaccine  orally. 

The  data  of  6  experiments  are  presented  in  table  6  and  the  following 
figures. 

In  experiments  llfL*  1U3*  151,  and  153  the  differences  in  mortality 
of  vaccinated  and  non- vaccina ted  animals  are  very  small  v table  2).  The 
middle  death  time  in  this  case  provides  no  indication  as  to  provocation. 
Trial  1L3  is  presented  graphically  in  figure  3*  This  also  indicates  no 
provocation*  Of  special  interest  is  experiment  152.  In  this  case 
mortality  was  already  lower  than  controls  before  the  incubation  period. 
It  never  increased  (figure  6).  Tnis  results  in  longer  life  for  the 
animals. 


The  summary  of  5  experiments*  whereby  immunization  occurred  orally 
on  day  5  post  inoculation  shows  that  vaccinated  animals  have  a  mortality 
of  69.ii/t  and  controls  7B,5^»  The  median  time  to  death  is  the  same  for 
both  groups,  11.2  days.  The  curves  of  figure  1*  substantiate  these  state¬ 
ments*  The  difference  in  mortality  between  69.1*  and  ?8.5>  is  statistically 
not  significant;  therefore  this  does  not  represent  a  protection  due  to 
incubation  time-vaccination.  In  the  second  model  infection  it  also  was 
apparent  that  a  single,  oral  vaccination  during  the  incubation  period 
does  not  provoke,  contrary  to  the  subqutaneous  route. 

Provocation-effect  in  repeated,  oral  vaccination  during  incubation. 

Because  the  three  previous  experiments  did  not  alter  the  affects 
of  a  incubatlan-vacclnatlott  we  next  tried  to  show  an  affect  by  raising 
the  dose  of  vaccine.  In  this  way  experiment  150  was  dona.  Table  2 
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(rows  6  and  7)  shows  that  5  times  the  dose  of  vaccine (distributed  from 
3rd  to  7th  days  post  inoculation)  raises  mortality  to  unexpectedly  high 
values.  The  pattern  of  ."nrtality  shows  that  in  thi3  case  no  provocation 
was  piesent,  as  wsb  observed  for  subqufcanCously  vaccinations.  Hortnlity 
does  not  increase  faster  or  earlier  than  in  controls,  but  rather  the 
iargs  mortality  difference  oeourrs  slowly  ana  days  after  the  provocation 
vaccinations.  The  time-io-death  is  not  shortened,  as  usually,  but  rather 
extended  (rows  9  and  10.  table  2) . 

In  figure  6  the  first  aid  largest  experiment,  151,  is  represented 
about  5  parallel  trials.  Here  animals  were  vaccinated  during  incubat:.  on 
once  as  well  as  5x.  The  figure  shows  that  the  single  vaccination  lias  no 
influence;  both  mortality  and  mean  time -to -death  are  tho  same.  However, 
vaccinating  ox  raised  mortality  21#.  figure  6  again  shows  that  no  typical 
provocation  existed,  and  mortality  increases  slowly  and  later  than  in 
both  other  curves. 

Experiment  152  was  different.  Tl,J  s  is  presented  in  graph  form  in 
figure  7*  The  incubation  and  vaccination  apparently  protected  the 
animals  negatively;  the  singly  vaccinated  stronger  than  those  vaccinated 
5x.  The  repeated  vaccinations  may  have  damaged  the  animals  somehow. 

Trial  153  shows  very  even  values;  mortality  in  the  $x  was  higher  than 
in  the  lx  vaccinated  group  (table  2). 

The  mortality  at  the  end  of  the  trial  is  83.5)6  for  5x  vaccinated 
since  whereas  the  controls  were  17, 5£  lower.  This  is  statistically 
significant.  The  curves  of  figure  8  show  the  slow  rise,  the  cause  of 
which  is  unknown.  This  saris  of  experiments  assumes  that  the  repeatod 
incubation-vaccine  is  no  indifferent,  but  somehow  influences  the  course 
of  tha  infection  adversely. 

Discussion 

Cur  results  cannot  be  properly  compared  to  those  of  other  authors, 
because  the  effectiveness  of  oral  vaccination  with  inactivated  virus  has 
just  been  demonstrated  (5)»  The  results  of  earlier  trials  may  be  com¬ 
pared  to  other  methods  of  vaccination  and  to  other  model  systems.  Our 
findings  on  two  viral  models  support  earlier  work  of  5.  typhinurium 
infection  of  mice,  which  showed  that  a  single,  effective,  oral  vaccina¬ 
tion  during  the  incubation  time  does  not  provoke  enhancement  (3)»  This 
further  supports  that  oral  vaccination  is  possible  during  epidemics  and 
in  times  of  catestrophy. 

The  difference  between  subqutanfiously  and  oral  vaccination  becomes 
clearer,  if  we  compare  our  previous  data  with  subqutaniously  vaccine  after 
iatercerebral  infection  with  MEF,  -polio  (U)  to  those  of  oral  vaccine 
in  fora  of  epidemic  curves*  This  is  presented  in  figure  9*  On  the 
left  all  experiments  of  report  $5  (it)  are  presented.  Vaccination  parentarally 
and  specific  during  incubation  was  compared  to  their  controls.  Tbe  curves 
(which  represent  1136  mice  studied)  shows  a  clear  provocation  effect, 
which  is  emphasised  by  the  shaded  areas.  Mortality  was  raised  significantly 
from  6?*1*  to  77.9*;  death  time  (average)  lowered  from  11.6  -10.3  days. 

The  course  of  epidemic  appears  totally  Afferent  in  the  right  side  of 
figure  9.  In  this  case  vaccination  was  oral,  not  parenteral ly.  No 
provocation  is  apparent,  but  a  stall  degree  of  protection* 
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They  could  be  interpreted  in  that  the  repeated  "tinulation  by  anti¬ 
genic  substances  ether  substances  ^interferon,  corrr .  e-nont,  copro antibodies) 
are  neutralized  or  used  up.  These  latter  compound!  are  needed  by  the 

organise!  “to  ovcrcorr^c  infectious  itlnoc’n*  i'hic  vriUL  hc.vc  t-c  'c  g 
elucidated  in  fin  ther  experimental  work.  It  may  be  i>skad  why  tho  5~fold 
dose  of  vaccine  was  r.ot  given  on  one  day  in  order  to  effect  a  sudden 
change  due  to  the  excess  of  antigen.  This  would  have  required  the 

Co, r.  „„  „t  _„-s  ,.„-i  j  / ir"  _-i  \  .  t:  j  .1  .  j.  •  ..  .. 

v*  <w,  un^Jnj  OAV.u^j,v,fU,  uyoc  yi  ±XU-LU  \X.XO  1UX  /  V-Ul  XIJ^  Wir.  Xil^  UU'-l  UXUAi 

period.  dpecific  changes  are  then  difficult  to  define*  Similar!;/  for  the 
Col,  SK  infection  model  this  problem  would  have  been  difficult  to  stand- 

A  ~f*0 1  T.f*.  rhfl  T  ^  j  mw  no y*~i  rs  r)  g  30  p) _  CT1  f  O  27QOCl 

to  give  5  vaccine  doses  in  1-2  days.  This  would  have  meant  an  injection 
of  large  doses  of  protein  and  lipid3  from  the  brain  homogenate.  It  was 
previously  reported  that  this  does  indeed  alter  the  "resistance  capability" 
of  the  experimental  animals.  Therefore  defining  Bpecific  and  unspecific 
provocation  would  not  have  been  possible. 

Summary 

1.  If  mice,  orally  infected  with  Col.  SK  virus,  are  orally  immunized 
specifically  with  a  heat-inactivated  Col.  SK  vaccine,  or  nonspecifically 
with  a  formaldehyde-inactivated  poliomyelitis  vaccine,  the  pathological 
process  is  not  influenced.  In  particular,  the  incubation  immunization 
lias  no  provocative  action. 

2.  Oral  incubation  immunization  with  inactivated  poliomyelitis  vaccine, 
after  intracerebral  infection  of  mice  with  polionyelitis  virus,  too, 
does  not  result  in  a  provocation,  as  has  been  observed  after  parenteral 
incubation  immunization. 

3.  Only  a  5-fold  increase  of  the  immunization  dose  distributed  over  the 
incubation  period  causes  an  increase  in  mortality  of  the  mice  intra- 
cerebrally  infected  with  polionye litis  virus.  However,  for  reasons  as 
yet  not  clarified,  this  damage  differs  from  that  after  parenteral  in¬ 
cubation  immunization.  At  ths  same  time  this  effect  of  the  overdose 
shews  that  oral  immunization  with  inactivated  virus  is  not  indifferent. 
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Oral  vaccination  during  incubation  with  heat-inactivated  Col.  SK 
virus  in  brain  suspension,  or  unspecific  polio  vaccine  (salk)  after 
oral  Col.  SK  infection. 


*  1-mraber,  2-tine  of  e.£periment,  3-n.imber  of  mice,  U-provocation 
aay  after  infection,  ^-specific  provocation,  6-unspecific,  7-control, 
8-specific,  9-unspecific,  10-cor*trol. 


figure  1. 

Ifcrtality  Vs  .days  of  mi.ce,  orally- 
infected  wita  Col  SK  virus  during  in¬ 
cubation  i3eo  text  for  description), 
(specific  oral  heat- inactivated) 


Figure  2. 

Mortality  vs.  days  of  ales,  orally 
infected  with  Col  SK  virus  during 
incubation,  unspecific  oral  with 
oomereial,  formaldehyde  inactivated 
polio  vaccine  (solid  -  vaccinated; 
dashed  -  sou  vaccinated). 
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Table  2 

Specific,  oral  incubation- vaccination  with  commercial  polio  vaccine, 
after  IC  infection  with  polio 

*  1-number,  2- tine  of  experiment,  3-number  of  mice,  h-pr.  vocation 
day  after  infection,  5-specific  provocation,  6-unspecific,  7-control, 
8-specific,  9-unspecific,  10-control. 
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Figure  U 

Mortality  Terseo  days  of  mice 
infected  IC  with  polio  MiF 
and  immunised  day  5  pi  v?ith 
formaldehyde  inactivated  polio 
vaccine  (legend  game  as  other 
figure a. ) 


figure  £ 


Mortality  of  trial  13'0;  px 
oral  specific  incubab-on- 
vaccino  afver  xo  i ;\i  ■  o  yi  o x 
with  polio. 


Figure  6 

Mortality  of  trial  Ipl;  dif¬ 
ference  between  lx  end  p'x  oral 
specific  vaccine  after  IC  in¬ 
fection  with  polio  virus  (.solid  = 
lx  vaccinated;  dot-dash  =  px; 
dashed-  not  vaccinated) 


figure  ? 

Mortality  of  trial  ip  2;  Ixaiiple 
of  lx  and  $x}  oral  specific 
vaccine  after  IC  poliovirus* 
^legend  as  for  figure  6) 


Mortality  of  mice  infected  IC  with  polio  MdF  and  ia.-riuna.zed  days  _>-i 
pi  5x  with  formaldehyde  in  activated  polio  vaccine,  ^  solid- vaccina^  a; 
dashod-non  vaccinated) 
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Figure  9 

Comparing  of  subcutaneous  and  oral  incubation-vaccine  after  H 
infection  of  aice  with  poliovirus  In  the  fora  of  a  epidemic  curve* 

Left  -  Summary  of  all  trials  with  parenteral  vaccination  from  report  _ 

<  «U),  Right  -  Sonvursion  of  curves  from  figure  it  for  oral  vaccination, 
(solid  -  vaccinatedj  dashed  -  nea  vaccinated;  shaded  area  -provocation 

effect) 


